Summary Efficiency of indirect immunofluorescence microscopy (IFM) for detection ofM. pulmonis antibody (lgG) in rats was compared with results of enzymelinked immunosorbent assay (ELISA), complement fixation (CF), cultural isolation and histopathology. IFM was carried out on M. pulmonis infected BHK-21 cells grown on cover slips or multitest slides. After acetone fixaJion these antigen carriers could be stored at -20 C for several months so that serological tests could be done at any time and completed within 2 h. The IFM was strain specific and the sensitivity of the test was comparable with that of the ELISA, whereas the CF-test proved to be very insensitive. For routine monitoring, only in cases of fresh infections should time consuming cultural procedures be preferred to serological tests. Chronic disease stages were readily detected by histological examination.
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Diagnosis of mycoplasma infection can be achieved by a variety of direct and indirect procedures. While routine checks on laboratory rat and mouse colonies are usually carried out with cultural procedures, other techniques to identify Mycoplasma spp. are the growth-inhibition test (Clyde, 1964) , a colour test (Taylor-Robinson, Purcell, Wong & Chanock, 1966) , and immunofluorescence tests (Barile, Malizia & Riggs, 1961; Malizia, Barile & Riggs, 1961; Clark, Baily, Fowler & Brown, 1963; DelGiudice, Robillard & Carski, 1967; Stewart, 1967; Robinson, Moore & Redmond, 1967; Barile, DelGiudice, Carski, Yamashinova & Verna, 1970; AI-Aubaidi & Fabricant, 1971) . To check whether cell cultures are contaminated by Mycolplasma spp. immunofluorescence methods (Barile, Malizia & Riggs, 1962) and recently a direct assay using a fluorochrome (Hessling, Miller & Levy, 1980) can be applied. Besides these, serological tests for mycoplasma diagnosis have been used such as a CF-test (Lemcke, 1964) , Received 11 March1982. Accepted 16 June 1982 indirect haem agglutination (Holmgren, 1974) and the agar gel double-diffusion technique (Lemcke, 1965) . Some of these, however, have been replaced by more sensitive tests such as ELISA (Horowitz, Shulamith & Cassel, 1978; Mia, Kravcak & Cassell, 1981) , radioimmunoassay (Taylor, 1979) , and an indirect staphylococcal radioimmunoassay (Brunner et al., 1978) .
In the present study the efficiency and practicability of 3 serological tests are compared directly with mycoplasma isolation from trachea and lungs and corresponding histological findings in experimentally infected rats. The serological tests comprised a simple indirect immunofluorescence method performed on mycoplasmainfected cell cultures, plus an ELISA and CF test.
Materials and methods

Mycoplasma strains and culture
Our own isolate of M. pulmonis was used and M. arthritidis and A. laidlawii strains with specific antisera were provided by Professor Kirchhoff (Veterinary School, Hannover). Culture media consisted of PPLO broth (Difco) supplemented with 20% unheated h. rse serum, 10% yeast extract, 1% glucose, 0·005% phenol red and 1000 U of penicillin G per m!. The pH was adjusted to 7'6 with I N NaOH.
Laboratory animals and experimental procedure 35 female Han:WISTAR SPF rats aged 4 weeks were infected orally with 1 X 10 10 colony-forming units (CFU) of a M. pulmonis suspension. Prior to infection, blood samples were obtained from 5 animals and tested for antibodies against Mycoplasma spp., murine pneumonia virus (PVM), Reovirus 3, Theiler's virus GD VII, Kilham rat virus (KRV), H-l virus, Sendai virus, mouse adenovirus, and rat corona virus (RCV). In each case the results were negative. The animals were maintained in 2 isolators with negative air pressure. At 4 day intervals 5 animals were sacrificed and investigated by the following methods.
Histology
Samples of lungs were fixed in 10% formol-saline and embedded in paraffin wax. Sections were stained with haematoxylin and eosin.
Indirect immunofluorescence microscopy (IFM)
The principle of this test was to use mycoplasmainfected BHK-21 cells as carriers for the antigen and to examine for possible antigen-antibody reactions after incubation with test serum and anti-rat IgG-FITC. BHK-21 cells (Flow Laboratories) were grown on cover slips or multitest slides (Cooke) in medium 199 (Flow), supplemented with 10% newborn calf serum, 10% tryptose phosphate broth and 100 f.1g/ml penicillin/streptomycin. After the cells reached confluency, the medium was removed and they were infected with a M. pulmonis suspension of 10 9 CFU/ml. Following adsorption for 1 hour, the slips were incubated with fresh medium containing 2% calf serum. 3 days after infection the cover slips were airdried and fixed with cold acetone and could be stored at -20°C for several months. Restoration of the cover slips was achieved by shaking briefly in PBS. The cells were then overlaid for 30 min with the test serum (minimal dilution l/l 0 and for routine investigations 1/20) and finally for the same period with anti-rat IgG-FITC (Miles Laboratories, working dilution 1/80 in PBS). Following both the serum and conjugate adsorption, 3 PBS washings for 10 min were carried out.
All IFM examinations were made with a Leitz microscope, equipped with an equiluminator (Pleompak 2) fitted with a filter kit (2 KP 490, K 455) and HBO light source.
ELISA
The antigen was prepared from a M. pulmonis culture of 10 9 CFU. After centrifugation at 10 OOOg and 4°C for 30 minutes the pellet was Kraft, Meyer, Thunert, Deerberg & Rehm . resuspended in the stock medium diluted l/l 0 with veronal buffer pH 7·3. Mycoplasmas were then lysed by addition of 10% of a 5% aqueous dodecyl lithium sulphate solution at 37°C. After 45 min incubation the lysate was dialysed against verona1 buffer supplemented with 0·37 mM EDT A. Finally the antigen was diluted in carbonate buffer at pH 9'8 and the final concentration was determined by checkerboard titrations. Further, the technique described by Voller, Bidwell & Bartlett (1976) was employed, using a semiautomated enzyme immunoassay analysator (EIA ana1ysator, PR 50, Gilford). In this system the reactions were carried out in a special cuvette system. Each cuvette was sensitized passively by overnight incubation at 4°C with 250 f.11 of the antigen-dilution. After 8 wash cycles with PBStween (w/o NaN3) the cuvettes were incubated at room temperature with 250 MI of test serum dilution. Thereafter the cuvettes were washed as described above and 250 f.11 of anti-rat IgG conjugated with horse-radish peroxidase (Miles Laboratories, working dilution 1/1000 up to 1/2000) were added to react for 2 hours. After further washings, 250 f.11of substrate solution (1 ml of 0'05% hydrogen peroxide mixed with 10 ml of 5-aminosalicyclic acid, pH 6 '0) were added. The reaction was developed at room temperature and after 30 min adsorbance was read at 450 nm.
Complement fixation test
The CF test was performed with the microtitre system using 2 complement fixing units of the antigen. Further details of the technique are described by Willers, Hopken & Knocke (1971).
Results 5 different diagnostic methods for M. pulmonis are compared in Table 1 . Prior to the. experiment, tests showed that the animals were free 0 0/5* 0/5 0/5 0/5 0/5 4 0/5 3/5 0/5 0/5 0/5 8 0/5 3/5 0/5 4/5 5/5 12 2/5 3/5 0/5 3/5 5/5 16 3/5 4/5 0/5 3/5 5/5 20 0/5 4/5 0/5 5/5 5/5 24 4/5 5/5 2/5 5/5 5/5 28 3/5 0/5 0/5 5/5 5/5 32 0/3 1/3 0/3 5/5 5/5 *Numberof positiveresults/number of animalsinvestigated from mycoplasma infection. 4 days after experimental infection no antibodies and no lesions in the lungs were detectable, but the fresh infection could be diagnosed by cultural methods. Antibody production became measurable by ELISA and IFM from day 8 of infection to the end of the trial. Table I also shows the inefficiency of the CFtest where only 2 positive cases were found when the antibody titres had reached a maximum, 24 days after infection. The reciprocal antibody titres of the CF-test were 20 compared to the IFM where these 2 sera reached values of 640. In contrast to histological findings, where peribronchial lymphocytic cuffs and bronchiectasis were found only after the 12th day p.i., it was possible to obtain a positive diagnosis by culturing soon after infection. This method, however, proved to be less reliable than the serological tests as approximately one third of the infected animals did not yield M. pulmonis in culture.
A direct comparison between the results of the ELISA and IFM is given in Fig. 1 . The antibody pulmonis specific antiserum but not between M. arthritidis or A. laidlawii antigen and M. pulmonis antiserum. Non-specific reactions, often complicating IFM, were encountered very seldom in some 100 investigations of different rat colonies, possibly due to the fact that we do not use, for routine screening, serum dilutions below ]/20. On the other hand, a strong non-specific fluorescence was found employing antisera from rabbits which had been stressed by Freund's complete adjuvant. Fig. 2 shows the characteristic immunofluorescence pattern. BHK-2] infected cells were surrounded by finely grained colonies of M. pulmonis inducing a diffuse immunofluorescence at the cell surface.
Discussion
Routine mycoplasma checks on rat and mouse colonies are carried out almost exclusively by cultural isolation. The disadvantages of this method are that animals have to be sacrificed for diagnostic purposes and results are available only after a few days or even 4 weeks. For these reasons, Fig. 1 . Antibody formation after M. pulmonis infection of Han:WISTrats. Mean values of 5 animals determined by.ELISA (X) and I~M (0) profiles indicate that after a first immune response shown at day 8 post-infection, the multiplication of mycoplasmas in the animals induced a booster effect with a second rise in antibody titres from day 16 after infection. The sensitivity of ELISA was slightly lower as compared with IFM titres. This was evident in the early antibody response (8 to 16 days p.i.) when all sera were positive at the ] /20 dilution by the IFM but fewer by the ELISA.
The strain specificity of the IFM was studied using M. pulmonis specific antiserum and tissue cultures infected with M. pulmonis, M. arthritidis or A. laidlawii. A specific immunofluorescence was seen only in the homologous reaction between M. pulmonis infected tissue culture and M. investigations are limited to a relatively small number of animals from a colony, thereby decreasing the probability of tracing the agent. A sensitive and feasible serological technique would not only shorten the time of investigation but would also allow testing of many more samples. It is useful to combine viral-serology with the detection of antibodies against Mycoplasma spp. as, for example, a Sendai virus infection can lower the host resistance to M. pulmonis (Howard, Stott & Taylor, 1978) and this double infection may lead to clinical disease (Saito, Nakagawa, Kinoshita & Imaizumi, 1978) . Therefore, testing solely for a mycoplasma or Sendai virus infection, which are often non-clinical, would not explain fully such a clinically apparent respiratory disease. In our experiment with SPF rats, although the rats had been infected with 10 10 CFU/animal of M. pulmonis, they showed no clinical symptoms. Comparing the different tests in our experiment, the CF proved to be useless because of low 
